INTRODUCTION {#sec1-1}
============

There have been multiple Ebola transmission events\[[@ref1][@ref2][@ref3]\] and more than 20 Ebola outbreaks since the 1970s.\[[@ref4][@ref5]\] In August 2014, the largest, most sustained, and widespread Ebola outbreak in history was declared a Public Health Emergency of International Concern (PHEIC) by the World Health Organization (WHO).\[[@ref6][@ref7]\] The WHO was initially notified of the outbreak in March 2014,\[[@ref8]\] after a febrile illness cluster associated with a high case fatality rate in the area of Gueckedou, Guinea, attracted international attention, and was subsequently identified as the viral zoonosis *Ebola* (EBOV), formerly known as *Zaire Ebolavirus* (ZEBV).\[[@ref7][@ref9][@ref10][@ref11]\] This deadly member of the family Filoviridae, an enveloped, negative single-stranded RNA virus, is the most virulent of the five family members.\[[@ref12]\] The other members of the *Ebolavirus* family are *Sudan (SUDV)*, *Tai Forest (TAFV)*, *Bundibugyo (BDBV)*, and *Reston (RESV)* sub-types.\[[@ref13][@ref14]\] The sequencing data showed that the 2014 outbreak in West Africa was due to infections with a strain of *ZEBV*, which differed from the viral strains identified in the earlier outbreaks.\[[@ref15][@ref16]\] For the sake of clarity and uniformity, we will refer to *Ebolavirus* as EBOV throughout the remainder of this manuscript, unless the mention of specific viral subtype is mandated.

Regarding the current EBOV outbreak, it is hypothesized that the index case most likely originated via animal --- human contact (e.g., ingestion of undercooked 'bush meat', animal bite, or inadvertent contact with body fluids or blood from an animal).\[[@ref17]\] Following the index transmission event, the predominant mode of the subsequent viral transmission is human-to-human.\[[@ref18]\] This is consistent with the previous observations and characteristics of human-to-human transmission.\[[@ref19]\] Late in the spring of 2014, the number of reported cases declined, causing medical investigators to believe that the course of this outbreak followed the trajectory of previous outbreaks and that the outbreak\'s 'burnout' phase had begun.\[[@ref9]\] However, within a period of a few months, sporadic cases were being diagnosed beyond Guinea, including Liberia, Sierra Leone, Senegal, Mali, Nigeria, and most recently in the United States and Spain.\[[@ref9][@ref20][@ref21][@ref22][@ref23][@ref24]\] Some of the reported cases were clearly associated with transmission following a history of travel to the affected regions of Africa.\[[@ref9][@ref20][@ref21][@ref23]\] In West Africa, the number of new EBOV cases was increasing at an accelerating rate, with a number of factors contributing to this phenomenon, including poorly functioning healthcare, under-developed water and waste management systems;\[[@ref25]\] a degree of international complacency;\[[@ref26]\] population movement within the affected geographic areas (including rural-to-urban migrations);\[[@ref27][@ref28]\] increasing urban population density;\[[@ref29]\] local cultural factors (e.g., burial customs);\[[@ref30]\] widespread poverty;\[[@ref27]\] and a lack of responsiveness from the local and national governments.\[[@ref6][@ref31][@ref32]\] To make things worse, there was a shortage of physicians in West Africa.\[[@ref33]\] For example, before the outbreak, fewer than a 100 physicians were providing healthcare for 4.3 million people in Liberia.\[[@ref34]\] The fact that numerous healthcare workers were themselves becoming infected with Ebola (including over a 100 healthcare workers who died as of late August 2014) further complicated the already critical situation.\[[@ref35][@ref36]\] At the time of this manuscript\'s initial submission (November 14, 2014) the Ebola outbreak has been contained in Nigeria and Senegal, and there have been no further reported cases in the United States or Spain.\[[@ref37][@ref38]\] However, a new outbreak in Mali has just been announced.\[[@ref39][@ref40]\]

It has been noted that the global response to the current epidemic was initially slow, disorganized, financially constrained, and poorly planned and executed.\[[@ref6][@ref41]\] As it confronts the possibility of as many as 10,000 new cases per week,\[[@ref42]\] the international medical community must realize that the confluence of circumstances and factors beyond human control may not always be in the society\'s favor, as it may have been within the last decade, with Influenza H1N1, Influenza H5N1, Hantavirus, or the Severe Acute Respiratory Syndrome (SARS).\[[@ref43][@ref44]\] In the face of easy movement across relatively porous borders (intercontinental travel) in an age of super highways, fast rail, and air travel, all 'corners' of the planet have become reachable in a matter of hours, making cities such as Lagos, New York, Tokyo or New Delhi, with populations exceeding 12 million, easily vulnerable.\[[@ref45][@ref46][@ref47][@ref48]\] In fact, a recently 'imported' case of Ebola in New York City should serve as a wakeup call and a global stimulus for both local and global coordinated action.\[[@ref49]\]

Until late August, most of the scientific journals and media reports advocated that the risk of Ebola is very low in the United States.\[[@ref50]\] Although it remains so, a recent diagnosis of a patient in Dallas, Texas, with *Ebolavirus* disease (EVD), who had traveled from Liberia and ultimately died despite intensive efforts, has made Western countries wary.\[[@ref51][@ref52]\] It is important to note that initial care in the first documented US case of Ebola may have been delayed due to poor recognition of the patient\'s disease symptoms.\[[@ref53]\] The diagnosis of two healthcare workers from the same hospital and the possible threat of spread of infection to people who had been in close contact with these subsequent cases has threatened a chain of transmission events.\[[@ref54][@ref55][@ref56]\] This chain included a number of potentially exposed individuals on a commercial airline flight from Ohio to Texas on which an individual possibly experiencing early symptoms of Ebola may have traveled.\[[@ref54][@ref55][@ref56]\]

EPIDEMIOLOGY {#sec1-2}
============

The initial documented episodes of filovirus hemorrhagic fever were seen in the late1960s, in nonhuman primates, which were being transported to Germany for vaccine development.\[[@ref57][@ref58]\] At that time, workers of the vaccine industry who handled non-human primates were also affected.\[[@ref59]\] In 1976, reappearance of hemorrhagic fever outbreaks were noted to affect people in south Sudan and Zaire, which were caused by a distinct species of the *Filoviridae* family.\[[@ref60][@ref61]\] The *Ebolavirus* is named after the Ebola river, a tributary of the Congo River and an area where the first documented modern case of infection was identified, in 1976.\[[@ref62]\] Of interest, some researchers have suggested that EBOV outbreaks may be related to certain confluences of environmental and climatic conditions.\[[@ref63]\] The frequency of the recognizable outbreaks has been on the rise since 1990, involving many locations in sub-Saharan Africa.\[[@ref64][@ref65]\] The 2014 event has been the largest documented outbreak of Ebola thus far. Nearly 14,100 cases have been reported worldwide, killing almost 5,200 people --- an overall mortality of 37% \[[Table 1](#T1){ref-type="table"}\]. The outbreak has been most intense in Guinea, Liberia and Sierra Leone, which together account for over 99% of all cases and nearly all the recorded deaths.\[[@ref66]\]

###### 

The 2014 outbreak: Report of Ebola cases by country (data as of November 12, 2014)
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VIRUS TRANSMISSION {#sec1-3}
==================

Fruit bats are considered to be the primary reservoirs of filoviruses \[[Figure 1](#F1){ref-type="fig"}\] and are thought to contribute to the viral transmission, to both non-human primates and humans.\[[@ref67]\] According to the Centers for Disease Control (CDC), the modes of Ebola transmission include the following --- contact with blood or body fluids of a person who is sick with or has died from Ebola, coming in contact with contaminated objects like needles and touching infected animals, their blood or other body fluids, or bush meat.\[[@ref68]\] Reproduction rate (R~0~) of EBOV is low (1 to 4). *Ebolavirus* rarely spreads through the respiratory route.\[[@ref69]\] Of interest, persistence of the Ebola viral RNA in convalescing individuals has been reported, likely due to replicating intracellular nucleocapsids.\[[@ref70]\]

![Diagram demonstrating the pathogenesis of *Ebolavirus* infection. Phase I can be characterized as the transfer of EBOV from an animal carrying the virus to a human, usually via small cutaneous lesions. Similar principles apply in human-to-human transmission during Ebola outbreaks. Phase II can be characterized as the early symptomatic stage --- usually between days four and ten --- where symptoms of a viral illness appear and gradually progress toward more advanced manifestations of the disease. Finally, Phase III represents the advanced *Ebolavirus* disease, with hemorrhagic manifestations, impaired immunity, and end-organ failure. Adapted from Feldmann H, Geisbert TW Ebola hemorrhagic fever. Lancet 2011;377:849-862. Legend: NHP = nonhuman primate; TNF = Tumor necrosis factor; IL = Interleukin](JGID-6-164-g002){#F1}

PATHOGENESIS {#sec1-4}
============

The pathophysiology of Ebola is not yet fully understood, however, most studies report that the incubation period varies depending on the type of exposure (i.e., six days for percutaneous and ten days for contact exposure).\[[@ref71][@ref72]\] The WHO Ebola response team\'s findings have documented that the mean incubation period was 11.4 days, which did not vary by country.\[[@ref8]\] Following viral transmission, symptoms usually appear in approximately eight to ten days (range, 2-21 days).\[[@ref8]\]

After EBOV enters the human body, macrophages and dendritic cells are generally considered as the first cells to be infected \[[Figure 1](#F1){ref-type="fig"}\].\[[@ref73]\] The virus then proliferates rapidly within these cells, releasing multiple new copies into the extracellular fluid.\[[@ref74][@ref75]\] Spread of the virus into the regional lymph nodes amplifies the viral load in the body, causing further viral dissemination to the lymphoid and vascular tissues.\[[@ref74]\] Subsequently, a systemic inflammatory response is initiated, resulting in cytokine and chemokine release from the infected macrophages and other cells. This constellation of innate host responses is considered to be responsible for the prodromal symptoms.\[[@ref74][@ref75]\]

The coagulation defects are attributable to the synthesis of the cell surface tissue factor from viral infected macrophages.\[[@ref74]\] The ensuing hepatic injury also leads to decreased synthesis of coagulation factors from the liver.\[[@ref76]\] The appearance of hemorrhagic symptoms is associated with a worse prognosis, as outlined in the subsequent paragraphs.

CLINICAL FEATURES AND DIAGNOSTIC TESTING {#sec1-5}
========================================

The clinical presentation of Ebola patients progresses from non-specific 'flu-like' symptoms to multiorgan failure.\[[@ref77]\] The mean time from the onset of symptoms to hospitalization is approximately five days.\[[@ref8]\] After admission, the mean length of stay in the hospital, the mean time to death, and the mean time to discharge are 6.4 days, 4.2 days, and 11.8 days, respectively.\[[@ref8]\] With regard to the symptoms, the fevers may be mild during the initial phase of illness, but may evolve to become more abrupt and high-grade, with associated chills and rigors. Non-specific prodromal symptoms are almost always present comprising mainly of malaise, weakness, anorexia, severe headache, and pain in the truncal and lower back muscles.\[[@ref78]\] High fever with relative bradycardia mimicking the presentation of typhoid fever has also been reported.\[[@ref79][@ref80]\] Progressive, diffuse, erythematous, nonpruritic, maculopapular rash around the face, neck, trunk, and arms usually appears by the end of the first week.

As the disease progresses, gastrointestinal symptoms such as diarrhea, nausea, vomiting, and abdominal pain begin to develop.\[[@ref78]\] Although bleeding is not seen in the early phase, there may be a gradual appearance of petechiae, ecchymoses, prolonged bleeding from the venipuncture sites, and mucosal hemorrhage, as the disease progresses. Patients who recover from Ebola infection have been reported to show clinical improvement by the middle of the second week. As outlined in Figure [2a](#F2){ref-type="fig"}-[d](#F5){ref-type="fig"}, the clinical outcomes may depend on the appearance and the subsequent management of the symptoms and signs associated with increased mortality (i.e., impending septic shock, hemorrhagic manifestations, and multiorgan failure).\[[@ref72]\]

![Neurological symptoms, including confusion, loss of consciousness or coma were more frequently seen in patients who died. Values shown on the y-axis represent percentages. Source: WHO Ebola Response Team. *Ebolavirus* disease in West Africa --- The first nine months of the epidemic and forward projections. New Engl J Med 2014;371: 1481-1495.](JGID-6-164-g003){#F2}

![Hematological symptoms, including injection site bleeding, vaginal bleeding, hematuria, epistaxis, and bleeding from the gums were more frequently seen in patients who died. Values shown on the y-axis represent percentages. Source: WHO Ebola Response Team. *Ebolavirus* disease in West Africa --- The first nine months of the epidemic and forward projections. New Engl J Med 2014;371: 1481-1495.](JGID-6-164-g004){#F3}

![Gastrointestinal signs/symptoms of Ebola. Except for difficulty swallowing, gastrointestinal symptoms (i.e., loss of appetite, abdominal pain, and diarrhea) were seen at approximately similar rates in survivors and non-survivors of Ebola. Values shown on y-axis represent percentages. Source: WHO Ebola Response Team. Ebola virus disease in West Africa --- The first nine months of the epidemic and forward projections. New Engl J Med 2014;371: 1481-1495.](JGID-6-164-g005){#F4}

![A number of miscellaneous symptoms --- including difficulty breathing, chest pain, cough, and sore throat --- were more frequently seen among non-survivors. Source: WHO Ebola Response Team. Ebola virus disease in West Africa --- The first nine months of the epidemic and forward projections. New Engl J Med 2014;371: 1481-1495.](JGID-6-164-g006){#F5}

On the basis of the observed patient outcomes, the WHO Ebola Outbreak Team has compared the signs and symptoms that were more likely to be present in patients who died. Neurological symptoms (i.e., confusion, coma, unconsciousness); hematological symptoms (i.e., bleeding gums, bloody nose, bleeding from venipuncture sites, vaginal bleeding); and other selected symptoms (i.e., chest pain, cough, difficulty breathing, and sore throat), were associated with greater observed mortality.\[[@ref8]\] Except for difficulty in swallowing, the presence of gastrointestinal symptoms (i.e., diarrhea, abdominal pain, loss of appetite) did not appear to be associated with increased mortality \[[Figure 2c](#F4){ref-type="fig"}\]. A detailed summary of the clinical symptoms and signs in survivors and non-survivors is provided in Figure [2a](#F2){ref-type="fig"}-[d](#F5){ref-type="fig"}. Of note, Towner *et al*.\[[@ref81]\] demonstrated that patients who died were found to have higher viral loads.

Various derangements in the hematological profile characterized by leukopenia, thrombocytopenia, elevated transaminases, proteinuria, and elevated prothrombin, and thromboplastin times can be seen, and are associated with worse prognosis.\[[@ref8]\] The confirmatory diagnosis for Ebola involves detection of the viral antigens or RNA in the blood or other body fluids.\[[@ref81]\] Until recently, testing could only be performed in specialized laboratories, and relied on detection of the RNA sequence by reverse-transcription polymerase chain (RT-PCR) reaction or viral antigens by an enzyme-linked immunosorbent assay (ELISA) within three to ten days of onset of symptoms.\[[@ref11]\] However, newer rapid diagnostic methods are quickly evolving,\[[@ref82][@ref83]\] and are expected to be available for deployment in the near future.

TREATMENT {#sec1-6}
=========

In the past, mortality associated with Ebola infection was as high as 50-80%.\[[@ref84][@ref85][@ref86]\] More recently, the mortality rate of *Ebolavirus* is reported to be between 20 and 60% \[[Table 1](#T1){ref-type="table"}\], due mainly to the prompt and more effective clinical management of infected patients.\[[@ref84]\] Most of the care that is being offered to infected patients is comprised of supportive measures such as hydration, nutritional support, and replacement of electrolytes.\[[@ref87][@ref88]\] As of now, there is no specific immunization or treatment for the *Ebolavirus* disease that has been validated in humans,\[[@ref89][@ref90]\] although survivors may exhibit immunity.\[[@ref91]\] Of interest, both nurses who became infected while caring for the Dallas, Texas patient, were declared free of the virus.\[[@ref92][@ref93]\] Passive immunity associated with plasma transfusion from an Ebola survivor, Dr Kent Brantley, may have played a role in one of those cases\[[@ref94]\] and has some support in the historical experiences from a 1995 Ebola outbreak in Kikwit, Democratic Republic of Congo.\[[@ref95]\]

Other than the above-mentioned supportive therapy, there is no proven treatment for Ebola. Some have suggested that anti-retroviral agents may have some effectiveness against EBOV,\[[@ref96]\] but at this time these claims remain both unproven and controversial. As mentioned previously, passive immunity may be helpful in attenuating the severity of the disease, as suggested by the relatively quick recovery of one of the Dallas, Texas nurses following plasma transfusion from an Ebola survivor.\[[@ref94]\] An experimental drug called ZMapp (Mapp Biopharmaceutical, San Diego, California, USA), is also based on the concept of passive immunotherapy, and combines three humanized monoclonal anti-EBOV antibodies that are synthesized in *Nicotiana benthamiana* plants.\[[@ref97]\] Administration of ZMapp in rhesus macaque primates who were inoculated with virulent Ebola strains may have attenuated the disease severity.\[[@ref97]\] The drug has also shown some promise after it was administered, with permission from the US Food and Drug Administration (FDA),\[[@ref98]\] to several infected individuals; however, its scarcity and lack of substantiating data make it challenging for the agent to reach those most in need.\[[@ref97]\] Another drug, TKM-Ebola (Tekmira Pharmaceuticals, British Columbia, Canada), has also been approved for selective use by the FDA, along with ZMapp.\[[@ref99]\] Finally, Brincidofovir (Chimerix, Durham, North Carolina), a broad-spectrum antiviral drug, has been shown to have *in vitro* activity against Ebola,\[[@ref100]\] and has reportedly been administered to patients with EVD in the United States.\[[@ref101]\]

There are currently two notable Ebola vaccine efforts. The first is cAd3-ZEBOV developed by GlaxoSmithKline and tested by the US National Institute of Allergy and Infectious Diseases (NIAID).\[[@ref102][@ref103]\] The second is the rVSV tested by the New Link Genetics Corporation after being licensed from the Public Health Agency of Canada.\[[@ref103][@ref104]\] Both vaccines demonstrated promising rates of efficacy in nonhuman primates, but the translation of these results to human subjects has not yet been accomplished.\[[@ref90]\]

PERSONAL PROTECTIVE EQUIPMENT FOR HEALTH WORKERS {#sec1-7}
================================================

With regard to healthcare worker protection and prevention of healthcare-related transmission of Ebola, many opportunities for improvement have been identified, based on the previous outbreaks.\[[@ref84][@ref105][@ref106][@ref107]\] It is critical that the medical community learns from the previous mistakes so that emphasis in the fight against Ebola can shift toward preparing healthcare systems and organizations, establishing better disease surveillance systems, and restoring the trust in health services across affected communities.\[[@ref108][@ref109]\]

Patients infected with EBOV, who seek emergency care, expose 'front-line' healthcare workers to significant risk of contracting the infection.\[[@ref36][@ref110][@ref111]\] Considering the highly contagious nature of the body fluids from individuals with symptomatic infection, dealing with Ebola mandates that healthcare workers follow standard safety precautions rigorously in order to safeguard themselves and the people with whom they interact.\[[@ref109]\] The critical nature of the personal protective equipment (PPE) in cases of Ebola and the risk of transmission despite taking apparently adequate precautions is exemplified by the two cases of patient-to-nurse viral transmission in Dallas, Texas,\[[@ref112]\] one case in Spain,\[[@ref113]\] and the recently diagnosed case in New York City.\[[@ref114]\] It is important to note that special circumstances requiring heightened vigilance regarding personal protection equipment may arise when caring for patients with Ebola, including the performance of emergency surgery in this population.

An example of the personal protective equipment used by healthcare workers when caring for patients with Ebola is shown in [Figure 3](#F6){ref-type="fig"}. Detailed illustrated guidelines have been provided by the WHO regarding the use of protective equipment and handling of potentially infectious Ebola samples.\[[@ref115]\] Any biological specimens or samples obtained from EBOV patients should be collected using adequate personal protective equipment, using closed vacuum containers.\[[@ref115]\] The samples should be transported in leak-proof containers and kept separately from other patient samples. For blood work of patients suspected with EBOV, under no circumstances should manual pipetting and open centrifugation be considered. After the laboratory tests are concluded, disinfectants with a higher potency (preferably, 10% chlorine solution) to kill the virus should be used. Elimination of all infectious materials should be conducted according to the prevailing/approved local protocols, rules, and regulations.\[[@ref116][@ref117]\] It is important to note that the actual approach to biohazardous waste disposal has to take into consideration specific economic-based realities and circumstances across different geographic areas. Pertaining to this, it is critical that adequate training of the medical transportation personnel is conducted, to ensure safe and transmission-free transit of the infected patients and/or infectious materials.\[[@ref118]\]

![A pictorial representation of the protective equipment used by healthcare personnel in the setting of direct contact with actively symptomatic individuals, their blood, or body fluids. *Ebolavirus* can be contracted by such contact and is capable of infecting via very small defects in the human skin. Although Ebola cannot be transmitted via airborne droplets, the surgical mask and the respirator assist in completely covering the face and preventing larger fluid droplets from entering the upper respiratory passages. Whole-body coverage also makes it less likely for the healthcare worker to accidentally make contact between gloves or other surfaces directly exposed to the virus and any uncovered skin surfaces. For that reason, it is also important that workers be decontaminated before taking off the protective equipment, and that another person observes the removal of the said equipment, to ensure that none of the exposed external surfaces come in direct contact with the healthcare worker\'s skin during the process](JGID-6-164-g007){#F6}

More recently, potential technological solutions designed to reduce human exposure to EBOV were introduced. Among those, the most prominent one was the idea of a robotic device that could help assist in the care of Ebola patients by delivering supplies, disinfecting, and transporting hazardous specimens, among other functionalities.\[[@ref119][@ref120]\] Another important consideration is the possibility of creating volunteer teams of Ebola survivors, who could help in the direct care of the exposed and acutely ill cases so that the overall risk of viral exposure and acute illness would be minimized for other 'front-line' healthcare workers.\[[@ref121][@ref122][@ref123]\]

SCREENING AND ACTIVE SURVEILLANCE {#sec1-8}
=================================

There is an ongoing debate about the screening of individuals from Ebola-affected countries, who are traveling abroad,\[[@ref124][@ref125][@ref126][@ref127]\] with some experts questioning the usefulness of routine traveler screening.\[[@ref128]\] Although there are no available statistics to support the effectiveness of screening methods used in the current Ebola epidemic, data from the SARS epidemic airport screening in Canada demonstrated that of the 677,494 who completed the screening questionnaire, 2,478 answered with a 'yes' to one or more questions, and among those, none went on to develop SARS.\[[@ref129]\] Six major airports installed thermal scanners and screened 467,870 people, of whom 95 suspected 'positives' were further assessed. None of them went on to develop SARS. The total cost of the program was 17 million Canadian dollars.\[[@ref125][@ref130]\]

From the Ebola case in Texas, it has been recognized that a delay in diagnosis was sufficient enough to create a 'near-panic' situation.\[[@ref131]\] Employing adequate screening protocols and ensuring that the 'front-line' personnel are familiar with pertinent policies is of special importance. In order to contain the spread of Ebola, it is of paramount importance to ensure that the medical staff in the Emergency Departments is prepared, that appropriate screening and isolation policies are in place, and that vigilance and clinical suspicion are sufficient enough to readily identify individuals who have recently traveled to EBOV-affected areas or who may have been in contact with an actively symptomatic Ebola patient, keeping in mind the pertinent incubation periods and other key information about the characteristics of the virus. Despite the significant resources needed to institute such efforts, the societal benefits of limiting or arresting the spread of Ebola outbreak(s) will far outweigh the costs of such concerted initiatives.\[[@ref36][@ref132]\]

Active surveillance is a public health approach that consists of the ongoing, systematic collection, analysis, and interpretation of key clinical data, closely integrated with a prompt dissemination of such data to officials responsible for control and prevention of disease.\[[@ref133]\] In case of Ebola, active surveillance consists of close supervision by health officials, with systematic collection of vital signs, and monitoring of key clinical symptoms associated with the early course of clinical infection.\[[@ref134]\] The use of active surveillance is critical for containing the outbreaks of Ebola, especially in the densely populated urban settings where human-to-human transmission predominates.\[[@ref135]\] It has been recommended that the coordinated response to Ebola outbreaks should include sufficiently funded national and regional interdisciplinary surveillance response systems that incorporate early warning capabilities.\[[@ref136]\]

QUARANTINE AND ISOLATION {#sec1-9}
========================

By definition, *quarantine* is a procedure wherein a healthy person exposed to a communicable disease undergoes a period of close observation in order to prevent disease transmission during the incubation period, and *isolation* is the restriction of an infected person during their time of communicability.\[[@ref137][@ref138]\] The use of quarantine is highly controversial and is usually viewed as an unjust measure, always invoking the consideration of fairness and distributive justice.\[[@ref139]\] Herein lies the clash between personal liberty and the public\'s health.\[[@ref140]\] The use of quarantine and isolation of the infectious individual was a basic pillar of public health in seaports in centuries past.\[[@ref141]\] However, its use as an effective tool since the latter part of the twentieth century has come into question. There is probably less resistance by professionals and politicians in this Ebola epidemic to the isolation of infected patients, as compared to the use of quarantine for healthy exposed individuals, although it must be acknowledged that isolation itself can be an emotionally traumatic experience.\[[@ref142]\] In a modern, free society, the use of quarantine and isolation is likely to face legal challenges by the affected individuals.\[[@ref143][@ref144]\]

There have been calls from many professionals to 'honor' workers returning from the Ebola front in West Africa, while at the same time they criticize the intervention of public officials/politicians to pursue the quarantine of those same workers.\[[@ref145]\] What is ironic is that during the SARS outbreak in 2003, the decision was made by scientific experts that quarantine should be put into place because no one knew, at least initially, how the disease was effectively spread and how quickly it could spread across the globe.\[[@ref146]\] After the SARS outbreak, there was great concern about how and why quarantine measures were put into place, with Bensimon *et al*.\[[@ref146]\] stating that, "It is, therefore, incumbent on us to recognize and legitimize a broader notion of effectiveness (of quarantine) --- one that transcends the dominant conception that it derives from a set of proven and verifiable data to one that gives a voice to nonscientific, nontechnical perspectives, experiences, preferences, and cultural commitments. Such efforts are essential and not accidental".\[[@ref146]\]

However, in the current Ebola outbreak, as opposed to the SARS event, with regard to the United States, the public health authorities/scientific experts, who know much more about the modes of transmission, effectiveness of counter measures, and the number of individuals one person could infect (1 to 4), and so on, did not make the call to 'quarantine' the exposed, but healthy, individuals.\[[@ref147][@ref148]\] In this case it was the political leaders who ordered/recommended the quarantine (New York and New Jersey) instead of the scientific establishment. The governors were the non-technical voices that many citizens felt needed to be heard. There is a basis to state that the fear of Ebola in 2014 seems to be greater than that of SARS in 2003.\[[@ref149]\] However, there is evidence from quarantines carried out for the SARS epidemic that quarantine is the most effective, 'when it is voluntary, home-based, and accompanied by extensive outreach, communication, and education efforts'.\[[@ref150]\] This outbreak is not the first, nor will it be the last, to pit individual civil liberties against the utilitarianism of the general public\'s health. To add further perspective to the above argument, it appears thus far that Nigeria was able to contain the outbreak by utilizing an immediate and aggressive response to the very first report of Ebola on its soil,\[[@ref151]\] while Guinea and Sierra Leone have experienced a resurgence of cases amid claims of complacency.\[[@ref152]\] Faced with the most recent outbreak in Mali, government officials are responding with quarantine orders for dozens of potentially exposed individuals.\[[@ref40]\]

ETHICAL AND CULTURAL ISSUES {#sec1-10}
===========================

There have been a lot of controversies related to Ebola in the context of cultural and religious influences.\[[@ref84][@ref153][@ref154]\] As much as it is important for containing the infection, the fact that a patient\'s life has come to an end needs to be dealt with equal empathy. Preparing for a funeral in a respectful yet safe way can be done following a few guidelines. First, it is acceptable to bury patients who died from Ebola without washing the bodies. Second, it is acceptable to offer prayers for people who have died from Ebola and bury them while avoiding direct contact with the body and limiting the burial attendance to family and close friends. Third, religious leaders should be intimately involved in the process of containing the outbreak and should work with the local authorities and the community so that appropriate and safe actions are taken with regard to disposition of the bodies.\[[@ref153][@ref155]\] Finally, governments need to do more to clamp down on the illegal practices of bribing health facility workers in order to recover highly infectious bodies of relatives so that a private burial (as opposed to a cremation or burial in designated public sites) can take place.\[[@ref156]\]

COLLABORATIVE GLOBAL EFFORTS: STEPS FOR THE FUTURE {#sec1-11}
==================================================

As Ebola has managed to spread outside of West Africa, it is imperative to diligently contain the infection in all affected localities.\[[@ref27][@ref157]\] During earlier Ebola outbreaks, a combination of core interventions has been effective in containing the disease --- exhaustive case and contact tracing, preventive interventions, and an effective and timely response to patients and the community.\[[@ref27][@ref157][@ref158][@ref159]\] However, given the massive scale of the current EBOV outbreak, new and more effective approaches are required.\[[@ref43]\] On account of the magnitude of the current events, it will be very difficult to effectively and simultaneous implement all of the above-mentioned measures in very under-resourced medical systems. This is further exacerbated by the delayed and underfunded early international response and increased mobility of patients and/or their contacts, who can readily reach large population centers through improved highways, rail systems, and air travel. Finally, there is a relative lack of trust by local populations toward the authorities,\[[@ref160]\] which is further exacerbated by the incompatibility between local social customs, the biology of the virus, and the rules of outbreak containment.\[[@ref84][@ref153][@ref154]\] The traditional outbreak approaches used during earlier, smaller Ebola outbreaks will probably not work and will require massive International supplementation. The global community will need to augment local roads, hospitals, supply medical and support personnel, pharmaceuticals, and accelerate vaccine efforts.\[[@ref32][@ref36][@ref103][@ref161][@ref162][@ref163][@ref164]\] This needs to be accompanied by a social/media thrust to explain this disease to the affected inhabitants and to 'win their hearts and minds.' In other words, while significant scientific and medical initiatives are needed to stop the outbreak, these efforts will likely be less effective without population-based education and trust-building efforts. Finally, population-based prevention and treatment strategies are desperately needed, involving (among other things) the development of new pharmaceutical agents and vaccines, better diagnostic point-of-care tools that are both rapid and inexpensive, the encouragement of out-of-the-box thinking with regard to enhanced surveillance methods, as well as the concept of readily deployable international rapid medical response teams.\[[@ref103][@ref157][@ref165]\] It is incumbent on the international medical community to not only establish a rapid and effective global response capability to large-scale epidemics and natural disasters, but also to realize the necessity and acceptance of the concept of *Global Responsibility and Security* for all nations that cannot fend off calamities on their own.\[[@ref162][@ref166]\]

Failure to act in a timely and coordinated fashion as a global community has brought us to a position where we simply must act together or face the full wrath of an out-of-control Ebola outbreak.\[[@ref167]\] Although strategic actions needed for the management of an epidemic remain the same for any disease, there are a few essential issues in the context of the *Global Health Security Agenda* \[[Table 2](#T2){ref-type="table"}\] that need to be addressed in order to effectively combat Ebola. Although the likelihood of Ebola becoming an epidemic in high-income countries is very low, there are many reasons for supporting the ongoing efforts in countries of West Africa, the most prominent among which are the duty to provide humanitarian assistance to the people affected, the obligation of global justice and fairness, and the ethical code of conduct inherent to the above.\[[@ref168]\] Equally important is the need to minimize Ebola\'s spread to other potentially vulnerable geographic areas including the densely populated regions in other parts of Africa, East Asia, and the Central and South Americas.\[[@ref169][@ref170]\] Some have suggested, for example, that an Ebola outbreak in Central America and Asia may be as difficult to manage as the current outbreak in West Africa,\[[@ref169][@ref170]\] with some government officials openly concerned about lack of resources to effectively deal with Ebola.\[[@ref171]\] In fact, some countries in Central America are already reacting to the possibility of Ebola importation, by imposing travel bans and restrictions.\[[@ref171]\]

###### 

Key elements of the global health security agenda

![](JGID-6-164-g008)

EBOLA: ECONOMICS OF THE OUTBREAK {#sec1-12}
================================

The Human Development Index ranked Liberia, Guinea, and Sierra Leone one hundred and seventy-fifth, one hundred and seventy-ninth, and one hundred and eighty-third, from a total of 187 countries, in 2014.\[[@ref172]\] Even as Guinea is exceptionally and chronically underdeveloped, Liberia and Sierra Leone have had recent civil wars. Over 20% of the populace lives in poverty and these countries are woefully understaffed in regard to medical personnel.\[[@ref173]\] In recent times, a World Bank Report indicated that if Ebola spreads to nearby countries, the global cost of this epidemic may reach \$32 billion over the next two years.\[[@ref174]\] With a forecast of 550,000-1,400,000 cases by early next year these countries will suffer immeasurably.\[[@ref167]\] The outbreak may cost Sierra Leone as much as \$163 million (3.3% of its Gross National Product, or GDP), with a loss of up to 8.9% of GDP, in 2015. Liberia may expend as much as \$234 million (12% of GDP), and Guinea will spend approximately \$142 million (2.3% of GDP) as a result of this outbreak.\[[@ref174]\]

Agriculture, which constitutes a significant portion of the regional economy, will be most specifically affected, reducing not only farm productivity, but also threatening local food security.\[[@ref175]\] Sierra Leone reported that its economy has deflated by approximately 30% because of Ebola.\[[@ref175]\] Additionally, a significant proportion of the GDP of Guinea, Liberia, and Sierra Leone is attributable to mining operations and services, all of which will experience a negative impact from the Ebola epidemic.\[[@ref176]\] The World Bank report leaves the reader with a serious warning-if 800 SARS deaths between 2002 and 2004 cost an estimated \$40 billion, what will happen, not only to the West African, but also to the World\'s economy, if the total cases exceed the predicted 1,400,000 mark in 2015, or the outbreak spreads to other geographic regions?\[[@ref157][@ref158][@ref159]\] Contrast the possible aftershocks to the estimated \$1 billion needed *right now* to contain the current outbreak of Ebola.\[[@ref177]\]

CONTROVERSIES {#sec1-13}
=============

Despite our growing knowledge of Ebola and outbreak dynamics, many unanswered questions and controversies remain. For example, it is not known what the optimal decontamination procedures should be. Likewise, there is lack of agreement on what constitutes the best personal protective equipment when treating patients suffering from Ebola infection. Furthermore, we do not yet have a complete picture of the virus' ability to survive extracorporeally under a variety of physical conditions.\[[@ref178][@ref179]\] Better understanding is needed of why there is a variable host response to the infection, with some patients experiencing a more severe clinical course than others.\[[@ref81]\] Finally, should patients with Ebola be treated at local hospitals or should they be transferred to highly specialized referral centers that are better equipped to handle the logistics and complexities of the care involved?\[[@ref180][@ref181][@ref182]\]

CONCLUSION {#sec1-14}
==========

Successfully combating the current outbreak of Ebola involves coordinated global action. Aggressive investment for early containment efforts is the wisest and the least expensive of all approaches and the global community should come together at this time of crisis to implement a uniform, well-coordinated strategy to prevent catastrophic human and economic losses that may result from inaction. One of the reasons the current outbreak has been more difficult to contain than the earlier Ebola outbreaks is the spread of the disease to areas of high population density, as opposed to the previously seen rural area incidents, where isolation is easier. This may also be a harbinger of what may happen if the virus were to spread to other developing countries with large cities, where millions of low-income residents live in very densely populated areas (i.e., Bangkok in Thailand, Cairo in Egypt, Dhaka in Bangladesh, Lagos in Nigeria, or Mumbai in India). As part of the global health security strategy, the key preventive interventions must include meticulous infection control in healthcare settings, creating awareness and community support for implementation of containment measures, rigorous enforcement of the existing public health protocols, and ample resources to investigate and document any new chain of transmission. Although isolation of suspected cases is likely to be ineffective or impossible under many circumstances, voluntary quarantine and active surveillance can prove helpful. Given all of the above considerations, the time is now for humanity to act as one unified front, against Ebola.
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